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Remarks 

In response to the non-final Office Action mailed February 10, 2006, the 
Applicants respectfully request reconsideration of the rejections and that the case pass to issue 
in light of the remarks below. By this paper, no claims have been added, amended, or 
canceled such that claims 1-18 are pending. 

The Examiner has set forth the following rejections: (1) claims 1, 2, and 11-18 
are rejected under 35 U.S.C. § 103(a) as being unpatentable over USPN 6,865,459 to Harms; 
(2) claim 3 is rejected under 35 U.S.C. § 103(a) as being unpatentable over Harms in view of 
USPN 6,490,511 to Raftari; and (3) claims 4-10 are rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Harms in view of Raftari and further in view of USPN 6,555,928 to 
Mizuno. 

In response to the foregoing rejections, the Applicants point out that the 
principal reference in each rejection is the Harms patent. Filed herewith is an Affidavit under 
37 C.F.R. § 1.131 to swear behind the Harms patent. The affidavit points out that the 
presently claimed invention was reduced to practice before the filing date of the Harms patent. 
As such the Harms patent can not be used as a basis for rejecting the pending claims. 

In view of the foregoing, the Applicants respectfully submit that each rejection 
has been fully replied to and traversed and that the case is in condition to pass to issue. The 
Examiner is respectfully requested to pass this case to issue and is invited to contact the 
undersigned if it would further prosecution of this case to issue. The Applicants believe no 
fees are due in connection with this paper, however, the Examiner is authorized to charge any 
deficiencies or credit any overpayments to Deposit Account No. 06-1510 or 06-1505. 
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200-1576 

VEHICLE SYSTEMS CONTROLLER WITH MODULAR ARCHITECTURE 
l\) . FIELD OF * HE INVENTION 

This invention relates to a vehicle systems 
s controller having a modular architecture and more 
particularly, to a vehicle systems controller for use 
with a hybrid electric vehicle and having a modular 
architecture which xs logically partitioned based upon 
vehicle functionality, thereby allowing for relatively 
10 quick and easy modification or replacement of vehicle 
control processes or features. 

t , } . BACKGROt ™ ™- ™ E INVENTION *Ui/&S 
vehicle systems controllers ("VSCs") are oom***? 
use d within automotive vehicles, such as hybrid electric 

w i-e iuhpvm In order to control various vehicle ^^ifo^ox 
IS vehicles I'HEVl, mora ^ ^ ^ ^ ^ r^jt4dUlf. 

systems, processes end functions . A One type of hybrid j 
electric vehicle, commonly referred to as a "parallel" or 
-power split- type hybrid electric vehicle, includes 
three power train subsystems which cooperatively provide 
20 the torque necessary to power the vehicle, and a vehicle 
system controller which controls the three subsystems. A 
"power split" type hybrid electric vehicle includes an 
engine subsystem (e.g., an internal combustion engine and 
controller), a generator subsystem (e.g., 
25 motor/generator and controller), and a motor subsystem or 
an "electric drive subsystem" (e.g., an electric motor 



t 
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and controller) . 

This hybrid conflation provide, improved fuel 
economy, and reduced emissions since the internal 
co^ustron engine can be operated at Its most 
s efficient/preferred operating points by use of the 
various subsystem. Additionally, this configuration can 
achxeve better drive.bility,, and may extend vehicle 
performance relative to a comparative conventional 
vehicle. in order to achieve the goal, appropriate 
,0 coordination and control between subsystems in the HEV 
are essential. This goal is achieved by use of the vsc 
and a hierarchical control architecture . ^ 

,j^^rie«w*^«Wr aea L ^i c ol l y n. a-^-*SC to 
interpret driver inputs (e.g., 9 ear selection, 
15 accelerator position and braking effort! , to coordinate 

each of the vehicle subsystems, and to determine the ^ 

oo^ands ^appropriate subsystems based on driver inputs 
and control strategies, and sends the generated commands 
K to the respective subsystems ,tjfi*&» to cause the ^ 
aubsystems to take appropriate actions to meet the 

driver's demands , 

Due to the numerous types of vehicle subsystems and 
processes which may vary from vehicle to vehicle, 
JS conventional vscs are typically ^srt^iy complex and X 
are designed to serve and/or lunction within a specific 
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ty ^e of vehicle. Due to this complexity and 
is relatively difficult to modify a conventional 'M to 
operate with a new vehicle system or functionality. For 
example and without limitation, if one were to replace 
the braXina system or functionality within an HEV having 
a conventional VSC with a different type of system of ^ 

«u»c«o».mv <..,.^« rM*? «~**T 

bra>in ? , 



This in&eases the cost 



and time required 



,0 to maKe such a modification. Moreover, each ^^tjjj^ 

thereby V " 



iijf^e^nt 



is 



reducing the uniformity among HEVs and increasing the 

overall cost of the HEVs . 

There is therefore a need for a modular VSC which 

iUJ^^A ^ to p° rtlons which corresponds to 

and/or provide a logical grouping of vehicle functions, 
thereby allowing the V5C to be easily modified to conform 
to new vehicle functions or features. 

summary OF THE INVENTION 
A first non-limiting advantage of the invention is 
that it provide a vehicle system controller ("VSC") for 
a hybrid electric vehicle { "HEV" ) which overcomes at 



least some 



i| v w ..... ...... 

5 M% L prior vscs t><~ [>0UK<ctf(U* a********* ' 




of the previously delineated drawbacks 



A second non-limiting advantage of the invention is 
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that it provides a modular VSC which includes various 
portions which correspond to a logical grouping of 
vehicle functions, thereby allowing the vehicle 
functionality to be relatively easily modified. ^ 
5 a third non-limiting advantage of the present 

invention is that it provides a VSC that is partitioned 
to take into account a logical grouping of vehicle 
functions, while maintaining a hierarchy of control 

within the VSC.^ 
10 According to a first aspect of the present 

invention, a modular vehicle system controller is 
provided and includes a plurality of portions which each 
corresponds to a certain vehicle functionality. 

According to a second aspect of the present 
,s invention, a method of organizing a vehicle system 
controller for use with a hybrid electric vehicle is 
provided. The method includes the step of partitioning 
said controller into a plurality of control portions, 
each of said plurality of control portions corresponding 
20 to a particular vehicle functionality. 

Further objects, features, and advantages of the 
invention will become apparent from the following 
detailed description of the preferred embodiment of the 
invention and by reference to the following drawings. 

25 

BRIEF DESCRIPTION OF THE PRAWIHGS 

^ PAGE-OS 
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Figure 1 is a block diagram of a hybrid electric 
vehicle which includes a vehicle system controller which 
is made in accordance with the teachings of a preferred 
embodiment of the present invention. 
? Figure 2 is a block diagram illustrating the vehicle 

system controller architecture which is utilized within 
the hybrid electric vehicle shown in Figure 1. 

DETAILED DESCRIPTION OF THE PREFERRED E MBODIMENT OF 

THE INVENTION 

Referring now to Figure 1, there is shown an 
automotive hybrid electric vehicle 10 having a 
powertrain, propulsion or drive system 12 and a vehicle 
system controller 40 which is made in accordance with the 
IS teachings of the preferred embodiment of the present 
invention. As should be appreciated, to those of ordinary 
skill in the art, propulsion system 12 i s &. a^*«£Ufii=2£ 
"power split" type propulsion system, and includes an 
internal combustion engine 14, an electric 
20 generator/motor 16, and a motor subsystem 18. while the 
vehicle system controller 40 of the preferred embodiment 
of the invention is described as being used with a power 
split type HEV, it should be appreciated that the modular 
controller is 




25 



The engine 14 and generator 16 are interconnected by 
uee of a conventional planetary gear set 20, including a 
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carrier 22", a sun^gear 24 and a ring gear 26, which is 
operatively coupled to £irive lin'<^28. System 12 further 
includes a conventional one-way clutch 30 which is 
operatively coupled to the output shaft 32 of engine 14, 
5 and a brake or clutch assembly 34 which is operatively 
coupled to generator 16. A conventional electrical 
energy storage device 36 (e.g., a battery or other 
electrical energy storage device) is operatively coupled 
to generator 16 and motor 18. Battery 36 receives and 
10 provides power from/ to generator 16 and provides power 

to/from motor 16. 

In the preferred embodiment of the invention, the 
engine 14 is a conventional internal combustion engine, 
and is physically and operatively coupled to the carrier 
15 22 of the planetary gear set 20. Generator 16 is a 
conventional motor/generator and is physically and 
operatively coupled to the sun gear 24 of the planetary 
gear set 20. Planetary gear set 20 allows engine 14 and 
generator 16 to selectively cooperate as a "single power 
20 source" which provides a power or torque output from the 

ring gear 26 of the planetary gear set 20 to the drove. ^ () 
line 28. It should be appreciated that planetary gear 
set 20 further serves as a power split device that splits 
the output from engine 14 to the generator IS and to the. 
25 driveline 28, and. as a continuous variable transmission 
PCVT") between the engine 14 and the ring gear 26, which 
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is operatively coupled to and drives the wheels of 
vehicle 10. 

The electric motor 18 is a conventional electric 
motor which acts as a "second power source" that provides 

5 torque and power to the vehicle drive line 28 
independently from the first power source (i.e., engine 
14 and generator 16) . In this manner, the two power 
sources (i.e., the internal combustion engine and 
generator and the electric motor)* cooperatively deliver ^/ 

io torque and power to the vehicle 10- simultaneously andjefi- 

independently. 

Referring now to Figure 2, there is illustrated the 
vehicle system controller 40 which is employed within 
vehicle 10. In the preferred embodiment of the 

is invention, vehicle system controller ("VSC") 40 is 
electrically and communicatively coupled to conventional 
user or driver operated controls or components 42, to one 
or more conventional vehicle operating condition sensors 
44, and to subsystem controllers 4 6 - 52 by way of a 

20 conventional bus or other electrical signal routing 
assembly. Controller 40 receives signals and/or commands 
generated by driver inputs, vehicle operating condition 
sensors (e.g., gear selection, accelerator position, and 
braking effort), and subsystem controllers (i.e., 

25 feedback) and processes and utilizes the received signals 
to determine the amount of torque which is to be provided 

Tl in rv »Ol i = :^n 
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to the vehicle's drive train 28 and to generate commands 
to the appropriate subsystems or controllers 4 6 - 52 to 
selectively provide the desired torque to the drive tram 
28 and to provide the requisite functionality to vehicle 
S 10. 

in the preferred embodiment, each subsystem 46-52 
includes one or more microprocessors or controllers as 
well as other chips and integrated circuits which 
cooperatively control the operation of vehicle 10. In 
\0 the preferred embodiment, controller 46 comprises a 
conventional battery controller, controller 48 comprises 
a conventional transavle controller for controlling the 
electric motor 18 and generator 16 of vehicle 10, 
controller 50 comprises a conventional engine controller, 
15 and controller 52 comprises a conventional braking 
controller which includes a conventional friction braking 
system (e.g., a hydraulically actuated system) and an 
anti-lock braking system. 

VSC 4 0 receives feedback from each of controllers 46 
20 - 52 and uses the received feedback along with commands 
from driver inputs 42 and signals from sensors 44 to 
generate control commands to the relevant controllers 46 
- 52 and the vehicles instrument panel or cluster 54 e vsc 
^/ 40 effective^ee determines the total amount of torque 
25 which is to be provided or delivered to drive train 28 
\^ and X& partitions or divides the total amount of torque 
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^^•'- ^ ■ r --^-rr^^-TK^ commands, signals \<>^ 

' between the various subsystems^ ^ne comm^ ^ ^ 

an d feedback received and. provided by VSC 40 are ^ ^ 

described below. ^ A ^wft 

Driver operated controls 42 provide several commands V>f J 

5 to VSC 40. Particularly, driver operated controls 42 
provide an ignition key command representing the state or 
position of the ignition key (i.e., OFF, START, RUN, 
ACCESSORIES), gear shifter commands representing the 
desired gear engagement of vehicle 10 (i.e., PRNDL) , 
J0 accelerator and brake pedal commands, cruise control 
commands, and air conditioning commands. Vehicle sensors 
44 provide vehicle attribute data to VSC 40, such as 
vehicle speed data, %l& op^a^condition data and 
other vehicle operating attribute data. Battery 
,s controller 46 provides feedback to VSC 40, such as an 
estimation of the battery's state of charge, battery 
voltage data, battery limits data, battery operating 
status data (e.g., recharging), and battery fault data. 
Transaxle controller 46 provides feedback to VSC 40 from 
20 motor 18 and generator 16, such as estimated torque 
values provided by motor 18 and generator 16, 
motor/generator speed values, limits values, 
motor/generator status data, and motor/generator fault 
data. Engine controller 50 provides feedback to VSC 40 
25 from engine 14, such as estimated engine-produced torque, 
engine speed-limits data, engine operating statue, and 

tun ni 
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engine fault data. Brake controller 52 provides feedback 
to VSC 40 from the braking system, such as negative 
torque request data, anti-lock braking system status and 
operating data, braking system status data, and braking 

system fault data. 

In the control system architecture, the VSC 40 is 

X5n <■ 
acting 

as -subordinate" controllers. Exceptions may exist to 
allow one or more of subsystems 4 6 - pTto override a 
command from "VSC" 40 with a "peer" subsystem command 
(e.g., a command from another of subsystems 46 - }X\ 




V 



under 



certain predetermined conditions. In such 



15 



20 



25 



instances, each subsystem. 46 - jf? communicates with the 
VSC 4 0 to inform the VSC 40 of the actual action 
undertaken which deviates from the VSC commanded action. 
Each subsystem 46 - ^further communicates a signal to 
VSC 40 when one or more faults are detected in the 
respective subsystem 46 - thereby notifying VSC 40 
that a fault condition is present. 

as shown in Figure 2, the VSC 40 is modular and is 
composed of different control portions 56 - 70 which 
correspond to certain vehicle functions or features. 
Each portion may represent a removable hardware and/or 
software segment, portion or device of the VSC 40 which 
is electrically and/or communicatively interconnected 
with the other portions of VSC 40. The partitioning of 



ti IM ni 'Hi 1^: ^1 



JUL 06 '01 17=36 FR HEU POUERTRfl I N SYSTEM313 322 1315 TO 92488659589 P. 12/22 

the vehicle features within the VSC 40 provides a logical 
grouping of functions and also takes into account the 
hierarchy of control within the VSC 40. The architecture 
of vsc 40 also enables reiatlvely easy replacement of one 

, type of functionality for another (series versus parallel 
generative braking for example). Particularly, a 
certain vehicle functionality .ay be replaced by removing 
disconnecting or deleting, a certain portion of 
controller 40 and installing (e.g.. connecting or 

,o loading) a replacement portion which provides the desired 

functionality. 

in the preferred embodiment of the invention, 
control portion 56 provides a vehicle mode control 
process: contro! portion 68 provides an output torque 

M regueator control process; control portion 60 provides a 
battery management control process; control portion 62 
provides a driver information control process; control 
portion 64 provides an energy management control process; 
control portion 66 provides a brake system control 

» process; control portion 68 provides an engine start/stop 
control process and control portion 70 provides a torque 

estimation control process. 

Vehicle mode control portion 66 determines the 
operating mode for the VSC 40. Portion 66 comprises the 
2 5 -top layer" controller for complete powsrtrain control. 
Portion 66 communicates the ap«t*-» mode of the 

^ jC Por,P.i? 
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' vehicle, as determined by the(po 

(e.g., OFF, RUN, START, ACCESSORIES) , to the other 
control processes or portions 58 - 70, that the other 
n portions 58 - 70 may function according to the current 

• V vehicle mode. Portion 56 further checks each system 46 - 
ft- for faults (^rior to starting and stopping the vehicle 
/»J >^o!^n^KC these functions, portion 56 checks to 
«a£ sure the other processes 58 - 70 respond to its 
commands before proceeding. When a fault is detected 
jo within of the vehicle components (e.g., within ^the 
engine, transaxle, or battery) portion 56 A selects a 

. , d-r-t-pm/ I "LOS" ) mode with which to 

limited operating strategy Lus m ^ ^ 

operate the remaining functional powertrain components ^^^Wfcfc < 
Output torque requestor control portion 58 receives 
15 and handles all torque commands from requesting devices 

within the vehicle 10 (e.g., accelerator pedal, brake , 
pedal, cruise -trol system^traction ^rol^-K ^ £^ 
and determines the final o*tjm«SlSt torque^ that the 
powertrain and regenerative braking system must produce. 
20 In order to provide this determination, portion 58 
^-ffi^^^river demands from the accelerator and brake 
pedal s**&&r, and arbitrates from other "torque 

requestors" such as cruise control, traction control (if 
requestors (jn&UUMK- \j'd^Ui, ufaf™**)^ 

program required), iv D/v and vehicle speed -/limiting 

25 systems. Based upon the signals received from all 
requestors, portion 58 divides or partitions the total 



^ pone 17 



Ti»i m 'Hi ic-cr> 



JUL 06 '01 17:37 FR HEU POUIERTRA I N SYSTEM313 322 1315 TO 92488659589 P. 14/22 

requested torque between the vehicle's powercrain (i.e., 
engine and motor) and brakes and issues corresponding 
commands to the engine controller 50, transaxle 
controller 49 and brake controller 52. 
5 Battery management control portion 60 interfaces 

with the battery controller 46 and controls the opening 
and closing of the contactors in the high voltage battery 
pack, based upon the vehicle mode signals received from 
portion 56. Portion 60 also reads^disrfharge/charge power 
10 limits from the battery controller 4 6, monitors the 
vehicle battery for faults and communicates this 
information to the other vsc control portions. 

.. Driver intonation eontroi porti^ Kjfg^^UUu +6 
signals from the vehicle sensors 4< A and calculates 
js vehicle operating data that is conveyed to the driver. 
Particularly/ portion 62 receives measured data from 
sensors 44, calculates values for vehicle operating 
conditions (e.g., vehicle speed, eA9&*e-^*a«47 battery ^ 
state of charge, and other values') by use of conventional 
20 algorithms, and communicates signals representing these 
values to the instrument panel or cluster 54, and to 
other vehicle displays or data providing devices. 

Energy management control Dortlon 64 controls the v- jw^ 
_^^=^f power^ to the vetric^e— XO-^ from - th o eng i ne 1 4, 
25 i^e-metcr- and -the g etwa^c— 3^6. The controller aams 
to meet the driver needs of power, security and climate 
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• control, the program requirements cf meeting or exceeding 
fuel economy, emissions, performance and driveability 
Uttftttt and component .requirements such as the 
m aintenance of the battery state of charge within a 
5 certain range. The above requirements are met within the 
constraints imposed by the various components, such as 
the battery 36, the transaxle, the regenerative braking 
system, the engin/ the cooling system, the fuel system 
and the exhaust system- Portion 64 also processes system 
,0 faults and based on the LOB mode, portion 64 takes 
appropriate action to modify the powertrain operating 
m ode (e.g., electric versus hybrid) and the operating 
point (e.g., desired engine torque and speed). 

Brake system control portion 66 implements the 
15 regenerative braking control process cf the VSC (whether ^ j 

it be for series regenerative braking or %^£%f^* J 
regenerative braking^ J«rtion 66 may als^^™--^^ 

20 _vehicl^he^ aind Be t we e n ^gen^at-lve-bra.k.i-ng-^ivd 

Engine start/stop control portion 68 coordinates the 
timin* and operation of the "startup" and « 

torque produced by the engine H and the trensaxl. (i.e.. OZtMliC 

,,. ,n .ft /runf^" rt*u.C«»w« .« 
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• motor 18 and generator 16). Portion 70 receives torque 
estimates fro™ the engine controller 50 end transaxle 
controller «, end comperes the engine controller's 
estimate to the generator's estimate to ensure they are 

s similar. If the estimates vary beyond an acceptable 
vaiue, portion 10 notifies portion 56 of a potential 

fault condition. 

in operation, VSC 40 receives commands fro* driver 
controls 42, signals fro* sensors 44 and feedback from 
l0 controllers 46 - 52. Particularly, Controller 40 
receives signals and/or commands generated by driver 
inputs, vehicle operating condition sensors [e.g., gear 
selection, accelerator position, and braking effort), and 
subsystem controllers li.e., feedback) and processes and 
,5 utilizes the received signals to determine the amount of 
torque which is to be provided to the vehicle's drive 
train 29 and to generate commands to the appropriate 
9 ubsystems or controllers 46 - 52 which selectively 
provide the desired torque to the drive train 2B and to 
20 provide the requisite functionality to vehicle 10. Each 
portion 56 - 70 of the VSC 40 performs a unique vehicle 
function as set forth above. This unique arrangement 
allows for the vehicle components and processes to be 
easily switched or replaced, without requiring a 
25 reprogramming or replacement of the entire controller. 
This allows vehicle modifications to be performed 

I ^ PAGE- 16 
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• relatively quickly, and also allows this VSC 40 to be 
used on various types of vehicles with portions S6 - 70 
being selected and/or adjusted based upon the particular 
vehicle's functionality, 
s It is understood that the invention is not limited 

by the exact construction or method illustrated and 
described above, but that various changes and/or 
modifications may be made without departing from the 
spirit and/or the scope of the inventions. 



JUN 01 '01 15: 53 



( L 



PftGE.17 



JUL 06 '01 17:38 FR HEU POWERTRRIN SYSTEM313 322 1315 TO 92488659589 P. 18/22 

WHAT IB CLAIMED IS: 

U) A modular vehicle system controller for use with a 
hybrid electric vehicle having a plurality of portions 
which each corresponds to a certain vehicle 

5 functionality. 

(2) The modular vehicle system controller of claim 1 
wherein said plurality of portions includes a vehicle 
mode control portion which is effective to select an 
operating mode of said vehicle. 
,0 (3) The modular vehicle system controller of claim 2 
wherein said plurality of portions further includes an 
output torque requests control portion which is 
effective to receive torque commands from a plurality of 
vehicle subsystems and to determine ■& total output 
1.5 torque '^xt^v^e--&o- ( t^- vehiclc . ^ j 

,4) The modular vehicle system controller of claim X 
wherein said hybrid electric vehicle includes a battery 
pack and wherein said plurality of control portions 
further includes a battery management control portion 
20 which is effective to control opening and closing of 

contactors within the battery pack ^ monitors the / 

(5) The ^modular vehicle system controller of claim ^ ^ 
wherein said plurality of control portions further 
2S Includes a driver information control portion which is 

effective to receive signals from vehicle sensors^ and to . 

17 
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• calculate vehicle operating data which is conveyed to a * , 

driver of said vehicle. v ^ 

(6) The modular vehicle system controller ot^^^^ ^ ^ 
wherein said hybrid electric vehicle includes 5^^' / f / S>$ 
5 a_^cu^_-a-* 3 --*^^ wherein said plurality of / ^ ^ ^ 

control portion further includes an energy management K ^ 
control portion which is effective to control the ^f/Jjfr 
delivery of power to said vehicle by ""^ft^^^st. J . 

io (7) The modular vehicle system controller of claim 6 V 
wherein said plurality of control portions further 
comprises a brake system control portion which controls 
regenerative and=wfe*4o«4<^W«g functions with*n said ^ 
vehicle , 

15 (8) The modular vehicle system controller of claim 1 ( 
wherein said plurality of control portions further , 
comprises an engine start/stop control portion which ^/ , 

controls *J*e startup and shutdown of said. engin e/ ^ ^ / 

u<±ea U-o • 

(9) The modular vehicle system controller of claim 8 
20 wherein said plurality of control portions further 

comprises a torque estimation control portion which 
estimates the torque produced by said engine and by said 
motor and said generator. ^ 

(10) A method of organizing a vehicle system controller 
25 for use with a hybrid electric vehicle, said method 

comprising the step of: 

ii 
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ABSTRACT OF THE DISCLOSURE 

A hybrid electric vehicle system controller 40. The 
vehicle system controllers modular and is partitioned 
5 in a manner which takes into account a logical grouping 
of vehicle functions, while maintaining a hierarchy of 
control within the controller 40. 
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• partitioning said controller into a plurality of 
removable control portions, each of said plurality of 
control portions corresponding to a particular vehicle 
functionality. 

5 (11) The method of claim 10 wherein each of said 
plurality of control portions represents a removable 
hardware portion. 

(12) The method of claim 10 wherein each of said 
plurality of control portions represents a removable 
10 software portion. 
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